Glauconites and phosphates have been detected in almost all investigated samples at Sites 798 (uppermost Miocene or lower Pliocene to Pleistocene) and 799 (early middle Miocene to Pleistocene). Autochthonous occurrences appear in very minor quantities (generally below 0.2%) throughout the drilled sequences, whereas allochthonous accumulations are limited to the lower Pliocene or uppermost Miocene sequence at Site 798 (glauconites) and to the upper and middle Miocene sequence at Site 799 (upper and middle Miocene: glauconites; middle Miocene: phosphates). X-ray fluorescence, microprobe, and bulk chemical analyses indicate high variabilities in cations and anions and generally low oxide totals. This is probably related to the substitution of phosphate and fluoride aniors by hydroxide and carbonate anions in phosphates and to the depletion of iron, aluminum, and potassium cations and the enrichment in hydroxide and crystal water in glauconites. Gradients in pore-water contents of dissolved phosphate and fluoride at Sites 798 and 799 suggest a depth of phosphate precipitation between 30 and 50 mbsf, with fluoride as the limiting element for phosphate precipitation at Site 798. Phosphate and fluoride appear to be balanced at Site 799.
INTRODUCTION
In contrast to shelf phosphorites, occurrences of phosphates in oceanic sediments have generally been poorly documented and are only recently subjected to more intense quantitative research (Froelich et al., 1982; Cook, 1984; Baturin, 1988; Ingall et al., 1990; Berner et al., in press ). Their analyses suggest that deep-water sedimentary phosphates are ubiquitous but do not exceed 0.5 wt% of the average oceanic sediments. Based upon their large size, oceanic sedimentary reservoirs may, therefore, constitute a significant sink for phosphorus, which probably surpasses the shell sinks in importance. Evaluations of the nature and quantity of buried phosphorus-containing phases at oceanic sites, such as the ones drilled during ODP Leg 128 (Japan Sea) may help to further constrain the role of oceanic sediments as reservoirs of phosphorus. These studies may contribute to a more profound understanding of the impact of deep-ocean sediments on the global phosphorus cycle in terms of oceanic residence times and the sensitivity of the phosphorus cycle toward global changes.
Autochthonous glauconites are excellent indicators of shelf and proximal slope environments in which iron and potassium-rich phases are accumulating at slow rates (Odin and Matter, 1981; Van Houten and Purucker, 1984,1985; Odin and Fullagar, 1988) . The presence of glauconite-bearing to glauconite-rich beds and layers both at Site 798 (present water depth: 902 m), as well as at Site 799 (present water depth: 2073 m), has, for these reasons, implications for the reconstruction of paleoceanographic conditions at that time. Site 798 was drilled in a small depression on top of a presently isolated ridge in the southeast of the Japan Sea; Site 799 is located within a failed rift system -the Kita-Yamato Trough in the central part of the Japan Sea (Ingle, Suyehiro, von Breymann, et al., 1990) .
PHOSPHATIC PARTICLES AT SITES 798 AND 799

Occurrence
Minor amounts (« 1%) of small phosphate particles (0.02-0.45 mm), lenticles and phosphate-rich zones (0.4-1.5 mm) have been observed in all 61 investigated samples throughout the drilled sequences of Sites 798 and 799 (PI. 1 and 2). In the Pleistocene segments, they occur both within the dark-colored, organic-rich units, as well as in the light-colored units rich in terrigenous detritus (Föllmi, Cramp, et al., this volume) . In the Pliocene and Miocene segments of the drilled sections, they have been identified in all major lithologies; biosiliceous clays, porcelanites, and diagenetic carbonates (Griffin and Lindsley-Griffin, this volume).
Character of the Phosphate Particles
According to their location, association with surrounding sediments, and morphology, the observed phosphate phases have been classified into pristine (= in situ) and allochthonous occurrences. Pristine phosphates are phosphates that formed at their present location and lack signs of any reworking. They are recognized by their exclusive association with non-event sediments, their lack of sizeand particle sorting, irregular surfaces (may also be spherical), and in some cases, by poorly defined peripheries and transitional zones into adjacent nonphosphatic sediments. Pristine phosphates occur as particles, lenticles (= inpersistent laminae), laminae, and beds.
Allochthonous phosphates result from reworking and transport after phosphate genesis. They may be recognized by their occurrence in event sediments such as turbidites and by particle sorting, particle rounding, and fracturing. They occur as particles, commonly in association with reworked nonphosphatic particles .
Three classes of pristine particles have been identified (PL 1 and 2):
1. 0.025-0.01 mm, pale brown, bright reddish brown, and dark brown, homogeneous and isotropic particles (PI. 1, Fig. 1 , and PI. 2, Fig. 2 ). These phosphatic particles are characterized by their irregular to almost spherical boundaries, by a random distribution (single particles disseminated throughout the host sediments, no concentrations observed), and by the lack of any internal structure. They have been observed in almost all sampled non-event sediments. 2. Phosphatized and phosphate-rimmed micro-organisms (maximum 0.8 mm; PL 1, Fig. 1 ), which show internal and external phosphate accretionary rims and/or the replacement of hard and soft parts by phosphate. Phosphate-bearing fossils are generally rare in the inspected samples; preferences in occurrence in terms of lithology and time have not been observed (cf. Griffin and Lindsley-Griffin, this volume).
3. Small lenticular or irregular phosphatic zones and phosphatic tenses (0.4 -1.5 mm width, 0.05-0.4 mm thick; PI. 1, Froelich et al., 1983) .
zones have a tendency to cluster along horizontal siliceous veins, which may be interpreted as compaction veins (cf. Griffin and Lindsley-Griffin, this volume). The veins may have functioned as conduits for dissolved phosphate during the formation of the pristine phosphates.
Allochthonous phosphate particles appear to be restricted to the middle Miocene sequence of Hole 799B (PL 1, . They are commonly well-rounded, range in size between 0.05 and 0.4 mm, and occur in conjunction with siliciclastic and glauconitic particles in event beds. These particles are either lacking significant internal structures (PL 1, Figs. 7 and 8), or exhibit a vermiculate texture (PL 1, Fig. 6 ), which may be related to a microbial origin (e.g., Krajewski, 1984) .
X-Ray Fluorescence, Bulk Chemistry, and Microprobe Analyses
The P2θ 5 values, as determined by X-ray fluorescence analyses of 22 samples from the Pleistocene sequence in Hole 798C, do not exceed 0.15 wt% (Föllmi, Cramp, et al., this volume) . Shipboard X-ray fluorescence analyses of six samples from the Pliocene section in Hole 798B give a maximum P 2 O 5 value of 0.11 wt%, and 12 samples from the Pliocene and upper, and middle Miocene sections in Holes 799A and 799B show maximum P 2 O 5 values of 0.17 wt% (Ingle, Suyehiro, von Breymann, et al., 1990, pp. 151, 293 Figure 4 . Fluoride-uptake rates vs. sediment depth. F = fluoride pore-water concentration; F sw = seawater fluoride; F eq = asymptotic fluoride concentration deep in core (Froelich et al., 1983) .
These maximum values are in accordance with smear-slide and thin-section inspections, and probably reflect overall tendencies in the recovered cores from the Japan Sea.
Organically bound phosphorus was determined as the difference between the phosphorus extracted from a subsample ignited at 500°C for 2 hr and the phosphorus extracted from a nonignited subsample, according to the technique of Aspila, et al. (1976) (Table 1) . These results give us a measure of "refractory" phosphorus, which is still incorporated in organic matter and survived diagenetic degradation, relative to phosphates absorbed on clay, iron, and manganese minerals, as well as mineralized phosphates (e.g., Berner et al., in press ). The obtained ratios of P or g/Pinorg are not linearly correlatable to the measured C org contents. This probably depends on the character of the organic matter, which may include various amounts of terrestrial, refractory compounds (McEvoy et al., this volume) , as well as on the degree of organic matter degradation, on local conditions of phosphate mineralization, and the quantity of detrital phosphates.
We used a Cameca SX 50 microprobe for the positive identification of a representative set of phosphate particles (Table 2 and PI. 1 and 2). Values of P 2 O 5 vary between 14.2 and 34.2 wt%; CaO values range from 18.9 to 44.2 wt% and fluoride values from 0.9 to 3.9 wt%. According to these ranges, most phosphate particles may represent francolite, a calcium-fluor apatite. Francolite is characterized by its large variability in composition due to the large amount of substitution possibilities (e.g., Nathan, 1984) . The low oxide totals obtained probably reflect the presence of carbonate and hydroxide groups substituting for the phosphate and fluoride anions. In addition, the presence of crystal water and organic matter in the inhomogeneous aggregates of crystallites in francolite may add to the low measured values of total oxides (Nathan, 1984) . Low total oxide values correspond to lowered values of all three main constituents of francolite: CaO, P 2 O 5 , and fluoride (e.g., Sample 128-799B-45R-2, 38^0 cm; PL 1, Fig. 7 ). In general, higher total oxide values were measured in the detrital phosphates, the pristine zonal and lenticular phosphates, and the phosphatized fossils. In contrast, the pristine homogeneous bright reddish brown to dark brown particles show lower total-oxide values. This is probably due to formation of these different phosphate phases at different stages of diagenesis and the availability of various anions at each given stage. However, a considerable variance was found within single, as well as in similar particles; for instance, in the pristine phosphate-rich zone from Sample 128-799B-6R-1,106-109 cm, the oxide totals from three different pristine particles differ by 26 wt% (PI. 1, Figs. 4 and 5, and Table 2 ). Large differences are also observed in similar detrital phosphate particles of Sample 128-799B-55R-1,139-141 cm. This is consistent with the notion that francolite consists of a chemically inhomogeneous aggregate of crystallites (Nathan, 1984) .
Pore-Water Analyses
Dissolved pore-water phosphate was analyzed aboard JOIDES Resolution following the procedures described by Gieskes and Peretsman (1986) . All samples from Sites 127 and 128 show an initial increase in dissolved pore-water phosphate, which is followed by a gradual depletion ( Fig. 1 ; Ingle, Suyehiro, von Breymann, et al., 1990; Tamaki, Pisciotto, Allan, et al., 1990) . The depth of the phosphate maxima correlates well with the calculated sedimentation rates, in accordance with the interaction among phosphate diffusion rate of organic matter decomposition and sedimentation rates described by Berner (1980) (Fig. 2 ). Pore waters of Sites 798 and 799 include the highest levels of dissolved phosphate, with maxima near 200 µmol/L at Site 799 and 300 µmol/L at Site 798. These levels exceed the postulated threshold value for francolite precipitation with the presence of preexisting phosphate nuclei, which is 150 µmol/L (Van Cappellen, 1991). Pore-water fluoride values have been measured using the spectrophotometric procedure with alizarin complexone according to Grasshoff (1976) . At Sites 798 and 799, dissolved fluoride profiles are characterized by a downward-decreasing pore-water gradient (Fig. 3) . These profiles indicate diffusion from the overlying seawater and removal of fluoride by incorporation into solid phases in the upper 50 m below sea floor (mbsf). A similar removal has been observed in the Peru margin sediments, an area of extensive phosphate precipitation and accumulation (Froelich et al., 1983) . Pore-water profile studies conducted by Froelich et al. (1983) in various sedimentary environments indicate that fluoride uptake occurs only in sediments where phosphate precipitation is taking place; siliceous and calcareous oozes and red clay sediments in the abyssal Pacific show no change in dissolved fluoride concentration with depth.
Using the dissolved fluoride profiles at Sites 798 and 799 and the formulation and assumptions of Froelich et al. (1983) , we estimated the rate of fluoride uptake in these sediments as shown in Figure 4 These rates are very much slower than those reported by Froelich et al. (1983) for the Peru margin sediments, an observation that is consistent with the recovery of only small amounts of submillimeter-sized solid phosphate particles at both sites. Fluoride is almost completely removed at Site 798, whereas at Site 799, fluoride pore-water values stabilize at a level of approximately 20 µmol. This probably reflects the dependency of fluoride uptake on the availability of dissolved phosphate in pore waters and the presence of solid phosphate particles, which may serve as nuclei for the precipitation of phosphate phases. 
GLAUCONITE PARTICLES AT SITE 798 AND 799
Occurrence
Glauconite particles were detected in subordinate amounts in almost all samples from Sites 798 and 799. Prominent glauconite-rich layers and horizons, however, are restricted to the following few segments of the cores recovered:
1. Glauconite-rich pockets are present in the core catcher of Core 128-798B-51X, and glauconite-rich layers occur in subjacent intervals of Section 128-798B-52X-1 at 24-30 cm (maximum 40% glauconite; Pt. 2, Fig. 4 , and Fig. 5 ), 44-55 cm, 75-93 cm, and 134-139 cm (lower Pliocene or uppermost Miocene).
2. A manganese-rich carbonate layer at Section 128-799A-41X-6, 147-150 cm, encloses a glauconite-rich horizon (10% glauconite; PI. 2, Fig. 2 ; upper Miocene).
3. Glauconite-bearing turbiditic deposits occur in lithologic Units IV and V of Hole 799B (maximum 5%; PI. 1, Figs. 6-8, and PI. 2, Fig. 1 , and Fig. 6 ; middle Miocene).
Character of the Glauconite Particles
In analogy to the phosphate particles, the glauconite particles are classified according to their morphology, association with the embedding sediments and other enclosed sediment particles, as well as their color. We have distinguished between autochthonous and allochthonous particles:
1. Autochthonous glauconite particles are characterized by a uniform and homogeneous appearance, a tendency to have similar color ranges and different grain sizes, and the common presence of irregular, grooved surfaces (PI. 2, Figs. 2 and 3) . Autochthonous glauconites appear in the majority of the investigated samples from both Sites 798 and 799. They invariably occur in trace amounts, with sizes ranging between 0.025 and 0.4 mm.
2. Allochthonous glauconite particles show a more uniform grainsize distribution. They are fairly well-to well rounded but may bear deep-seated grooves (PI. 2, Fig. 4 ; cf. Fischer, 1990 ). These particles may exhibit different shades of green, varying from pale to a very bright and intense green. They are mostly associated with detrital quartz grains in beds that may display normal grading and sharp and well-defined bases (PL 2, Figs. 1 and 4, and Figs. 5 and 6). The observed allochthonous glauconites range in size between 0.05 and 0.5 mm and are commonly concentrated, so that glauconite values may reach 40%-50% of the total sediment. The most significant allochthonous glauconite-bearing beds occur in Units IV and V of Site 799 and in Unit III of Site 798 (Section 128-798B-52X-1).
Microprobe Analyses
Cameca SX 50 microprobe analyses on selected glauconite particles reveal large differences in K 2 O, A1 2 O 3 , and especially total iron contents (Table 3 ). In general, total iron contents appear to be rather high (e.g., Odin and Fullagar, 1988) . However, Baturin et al. (1989) reported similar high iron values for one glauconite particle derived from the northern flank of the Yamato Rise.
Furthermore, oxide totals may remain substantially below 100%, probably reflecting the presence of hydroxide and interlayered water groups. The low oxide totals are preferentially encountered in allochthonous particles, which exhibit a pale green color. These particles are characterized by lower iron values, a compositional difference that is likely to influence the glauconite color intensity (Deer et al., 1966) . They are interpreted as weathered glauconite particles (through prolonged exposure at the sedimentwater interface) enriched in hydroxides and crystal water (cf. Griffin and Lindsley-Griffin, this volume; Odin and Fullagar, 1988) .
DISCUSSION AND CONCLUSIONS
Phosphates
Pristine phosphates have been encountered throughout the drilled sequences of Sites 798 and 799; they are present at shallow levels, with a first occurrence detected (in the available samples) concurrent to the depth of maximum values of pore-water phosphate (approximately 25-30 mbsf at Site 798). The pore-water gradients of fluoride and phosphate indicate that the sediments between 30 and 50 mbsf are most appropriate for the present formation of francolite at both sites. This is below the sulfate-reduction zone, in the zone of methanogenesis (Ingle, Suyehiro, von Breymann et al., 1990) .
The near-zero pore-water values of fluoride below 100 mbsf at Site 798 suggests that this anion is the limiting element in the formation of francolite at Site 798. This is less clear at Site 799, where the generally lower values of pore-water phosphate appear to balance those of pore-water fluoride. At any rate, the ambient geochemical conditions limit and have limited the process of phosphogenesis to the formation of subordinate amounts of mostly sub millimeter-sized phosphates. In addition, the high and rather continuous sediment-accumulation rates of approximately 5 to 20 cm/1000 yr (Ingle, Suyehiro, von Breymann et al., 1990) did not permit phosphates at the here described sites to be recycled and to accrete additional generations of phosphate, once they had formed (Föllmi, 1990; .
Detrital phosphates encountered in Hole 799B are most probably derived from the Yamato and Kita-Yamato banks, which flank the Kita-Yamato Trough of Site 799 (Ingle, Suyehiro, von al., 1990). At the northern flank of the Yamato Bank, phosphates of late Miocene age have been dredged (Barash, 1986; Bersenev et al., 1990) . The detrital phosphatic particles present at Site 799 are middle Miocene in age and indicate that the bank tops may have functioned as sites of phosphogenesis during a major part of the Miocene.
An Estimate of the Importance of the Japan Sea as a Phosphorus Sink
The values of total phosphate in the sediments, as detected by X-ray fluorescence and bulk chemical analyses, do not vary significantly and average 0.179 wt% of total phosphorus (mean value of TARTAR STRAIT (12 M) Table 1 ). If we extrapolate this value to the entire area of the Japan Sea and take it as a valid mean for the Neogene and Pleistocene, and if we further assume a mean overall sediment-accumulation rate of 4 × I0" 3 g/cm2 yr (at the lower limit of mean sediment-accumulation rates estimated at all drilled sites; based upon mean dry bulk densities; Ingle, Suyehiro, von Breymann, et al., 1990; Tamaki, Pisciotto, Allan, et al., 1990 ) and a seafloor area of approximately 1.008 × I0 6 km 2 (Hidaka, 1966) , approximately 7.2 × I0 10 g P total would have been transferred into the sediments of the Japan Sea per year. This estimated rate corresponds to approximately 0.3% of the estimated global rate of phosphorus delivered into sediments per year (= 2.2 × I0 13 g Ptotai P er y ear ; Mackenzie et al. in press) . The surface area of the Japan Sea is approximately 0.27% of the total ocean surface area (3.62 × I0 14 m 2 ); and thus the phosphorus buried in the Japan Sea is of the same magnitude as the global flux.
Present Sources of Phosphorus to the Japan Sea
One important source of phosphorus to the present Japan Sea is the Tshushima Current, a branch of the Kuroshio Current that enters the Japan Sea through the Tshushima Strait, between Korea and Japan. The deepest point in the Tshushima Strait is 140 mbsl and large areas are well above 100 mbsl (Figs. 7 and 8 ). This current is the sole carrier of Pacific water into the Japan Sea as the input via the Tartar Strait between Siberia and Sakhalin is negligible (Hidaka, 1966) . Approximately 6 × I0 6 m 3 of water per second currently enters the Japan Sea via the Tshushima Current (Tanioka, 1968) , with an annual mean content of phosphorus ranging between 0.3 µg/L in the surface waters and 0.4 µg/L for 100 mbsl (Akiyama, 1968) . By assuming an average value of 0.35 µg/L, we estimate that approximately 6.6 × I0 10 g P total enter the Japan Sea per year from the Pacific Ocean. This value is not Sample 128-798B-51X-6, 101-105 cm (first analysis = large particle at the base of PL 2, Fig. 3 ; second analysis small particle in the middle of PL 2, Fig. 3 ) Sample 128-799A-41X-6, 144-150 cm (first two analyses = large particle in the lower middle of PL 2, Fig. 2 ; last analysis = small particle in lower right of PL 2, significantly different from our estimated value of 7.2 × I0 10 g P buried in the Japan Sea sediments per year.
We have estimated the volume of water leaving the Japan Sea via the Soya Strait (Figs. 7 and 8) to be 3.1 x I0 6 m 3 /s based on an average velocity of 0.7 kt and estimates of average sill width and depth of 36.9 km and 27 m, respectively (Hikada, 1966 (Sugiura, 1959) . The phosphorus contents of the surface waters leaving the Japan Sea are somewhat higher than those of the incoming waters of the Tshushima Current, and range between 0.38 and 0.43 µg/L for the Tshugaru Strait and 0.43 µg/L for the Soya Strait (Akima, 1968) . The amount of phosphorus exported via the Tshugaru and Soya Straits (5.3 × I0 9 g P/yr and 3.9 × I0 10 g P/yr) is estimated to be approximately 66% of the phosphorus supplied by the Tshushima Strait (Table 4) .
These values suggest that-as a very crude estimate-approximately 34% of the phosphorus presently imported by the Tshushima Current remains in the Japan Sea. The rest of the phosphorus buried in the sediments of the Japan Sea may be delivered by rivers. The cold waters of the southward-flowing Liman Current, derived from the northernmost part of the Japan Sea and carrying waters of the Amur River, contain approximately 0.4-1.6 µg P/L (Ohwada and Yamamoto, 1966) . The total southward flow is roughly estimated to be 1.8 × I0
6 m 3 /s, based upon a width of 114 km, an average depth of 120 m, and an average velocity of 0.3 kt (Hikada, 1966) . Assuming an average value of 1 µg P/L, we conclude that 5.7 × I0 10 g P tota i per year are delivered by the Liman current system. Neglecting the rest of the river input into the Japan Sea, the phosphate balance of the present-day Japan Sea can be summarized in Table 4 .
Inspite of the crudeness of these estimates, the input and output rates of phosphorus for the present-day Japan Sea are well balanced. Table 4 ). Modified from Oba (1983) and Ingle, Suyehiro, von Breymann, et al. (1990) . Sugiura, 1959;  f Extrapolated from sediments of different ages, this study.
Tshushima
Changes in these values through geological time may be induced by a decrease in the riverine input of the Amur River during periods of glaciation, or by a decrease in the Tshushima-current input during sea-level lowstands. The measured P or g/Pinorg ratios in the Japan Sea sediments indicate that 36% of P total is present as "refractory" P org . This number is in agreement with the P or g/P inor g ratios measured in the deep waters of diverse sites of the Japan Sea (approximately 10%-50% between 100 and 3000 mbsl; Yamamoto, 1968) . Yamamoto (1968) stated that these values are high compared to those in the western North Pacific. He attributed this to the rapid downward transport of organic phosphorus in the Japan Sea.
Glauconites
One interesting feature with respect to the glauconite particles described herein is that autochthonous particles are present in almost all investigated samples. This implies that glauconite formation is not limited to shelf and slope areas, but also may occur in the sediments of abyssal plains.
Significant concentrations of glauconite in the Japan Sea abyssal plain sediments, however, are invariably allochthonous and have been derived from adjacent bank tops or shallow shelf areas. These glauconites have been subjected to reworking and concurrent chemical weathering prior to final emplacement, processes that are indicated by the different degrees of color intensity and lowered oxide totals (microprobe analyses) in the mixtures of allochthonous glauconite particles in the lower Pliocene and upper and middle Miocene sequences of Sites 798 and 799. 
